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Introduction: COVID-19
Liu, Q., Zhou, Y. & Yang, Z. The cytokine storm of severe influenza and 
development of immunomodulatory therapy. Cell Mol Immunol13, 3–10 (2016). 
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Alternate modeling framework: Cybernetic model
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Defining cybernetic control variables 

Goal: Survival

Specific goal: Maximize biomass production rate within available resources

𝑣𝑖 =
𝜌𝑖

max
%
𝜌𝑗

𝑢𝑖 =
𝜌𝑖
∑% 𝜌𝑗

𝜌! = 𝑟'!→)"
*+,"-*./0"1 = 𝑘!𝑒!𝑆!Return on investment:



Diauxic growth of E. coli

Kompala, D.S., et al., Investigation of bacterial growth on mixed substrates: experimental 
evaluation of cybernetic models. Biotechnol Bioeng, 1986. 28(7): p. 1044-55.



Multicellular Systems

“Image Of Adipose Tissue In A Human Body Clipart" 
https://clipartimage.com/images/clipart-367516.html
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A closer look at Part 2
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Cytokine storm and NSAIDS?
How can modeling help?

Guo XJ, Thomas PG. New fronts emerge in the influenza cytokine storm. Seminars in 
Immunopathology. 2017 Jul;39(5):541-550. DOI: 10.1007/s00281-017-0636-y.



NSAIDs and COX



•The kinetics that describe the rates of reactions were able to predict the 
generation of PGs for conditions upon which the model has not been 
trained.

•This model can be used to provide robust predictions of how drugs that 
inhibit PGH2 formation alter downstream generation of PGs.

•While TNF-alpha is well characterized as a signaling molecule, other 
inflammatory cytokines such as the interleukins could also be looked at as 
“goals” of the system.

•Multicellular metabolism has already been probed using yield based 
objective functions, but dynamic objective functions would provide a more 
complete picture of the multi-cellular metabolic dynamics of complex 
organisms.
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A Cybernetic Approach to Modeling Lipid Metabolism in Mammalian Cells. 
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